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PARTS LIST 


Component Qty Value Description 
Designation 


RESISTORS 


R1,2,3,4,5,15, 
19,21,23 

R6 

R7 

R8 

R9,R13 

R10,R14 

R11 

R12 

R16 

R17 

R18, R20 

R22 
R24,25,26,27,28 
30 


Ohms 5% 0.25 watt 
" " 


(optional) 
(optional) 


RNR RR ROOF Er Oo 


(optional) 


R29 


Potentiometers 
Pl Trimpot or l-turn pot 
P2 Trimpot or l-turn pot 


CAPACITORS 


ceramic 50V : 
0.002 mF ceramic 50V or st/lrver mea (prq 
(2re00pFt ) 223M monolithic ceramic 
0.047 mF metallized polyester S3 
MKT 1818 or mono ceramic 
0.22 mF monolithic ceramic 224 MSE 
0.01 mF " = 103M 
100 mF electrolytic 25V 
0.1 mF cer50V ormono cer 104M 
470 pF ceramic 50V 
1 mF tantalum 16V TAG 
10 mF tantalum 25V TAG 
0.33 mF metallized polyester 10% 
WIMA 63-B-ST 2 


ee 


C5, C6, C9 
C7, C8, Cll 
c10 
C12,C19 
C13, C14 
C15, C16 
C17, C18 


PNUNNDWFWW 


* Do not substitute - frequency determining elements 
(R12 will change centre frequency, adjust for equal 
MARK/SPACE tone levels) 
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INTEGRATED CIRCUITS 


Am7910 WORLD-MODEM® Ic 
Advanced Micro Devices 
74LS367 Tristate Hex Bus Driver 


1458 Dual Op-Amp 

1488 Quad Driver (or 75188) 
1489 Quad Receiver (or 75189) 
74LS00 Quad 2-Input NAND 


7555 Timer IC (or NE555) 


MISCELLANEOUS 


Ql BC547 Si NPN switching transistor 
(BC-108,BC-548,DS-548, 
or 2N2222) 

Q2 BC557 Si PNP switching transistor 
(BC-158,BC-178,BC-308, 
BC-213,BC-558,or 2N2906) 

Q3 BC547 VFET or NPN transistor 
(BC-108, BC-548, DS-548) 

BY; D2 1N914 Diodes (or 1N4148) 

DZ1 ut zener diode (or 1N914) 

VR1 7805 Regulator (optional) 

+5 Volt TO-220 case 
VR2 7905 Regulator (optional) 
-5 Volt TO-220 case 

Leds 2 Gr, 2 Yel, 1 Red, 1 Or 

Xl HC18/U 2.4576 MHz +/- 0.012% 

$i DIP 4 position switch 
(or fixed strap) 

Jt 16 pin DIP I/O socket 

J2 KK Series - 10 position 

(not required if Jl used) 

J3 Right Angle RS232 Connector 

(female - 0.1" pcb spacing) 


Jumpers 


2 pin 2 (0.1" spaced) pin connector 
2 


3 pin (0.1" spaced) pin connector 
Links on pcb (Wire-wrap wire or equiv. No.30 SWG Kynar’) 
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Appendix A 


Am7910 


FSK MODEM 
WORLD-CHIP™ 


DISTINCTIVE CHARACTERISTICS 


© Complete FSK MODEM in a 28-pin package - just add 
line interface 

© Compatible with Bell 103/113/108, Bell 202, CCITT V.21, 
CCITT V.23 specifications 

@ No external filtering required 

© All digital signal processing, digital fitters and ADC/DAC 
included on-chip 

@ Includes essential RS-232/CCITT V.24 handshake 
signals 

@ Auto-answer capability 

© Local copy/test modes 

* 

e 


1200 bps full duplex on 4-wire line 
Pin-programmable mode section 


The Am7910 is a single-chip asynchronous Frequency 
Shift Keying (FSK) voiceband modem. It is pin selectable 
for baud rates of 300, 600 or 1200 bits per second and is 
compatible with the applicable Bell and CCITT recom- 
mended standards for 103/113/108, 202, V.21 and V.23 type 
modems. Five mode control lines select a desired modem 
configuration. 

Digital signal processsing techniques are employed in the 
Am7910 to perform all major functions such as modulation, 
demodulation and filtering. The Am7910 contains on-chip 
analog-to-digital and digital-to-analog converter circuits to 
minimize the external components in a system. This device 


OATA TERMINAL © 
¥ 


XTALY/CLK O 


xTAL: 


GENERAL DESCRIPTION 


Figure 2. Am7910 Block Diagram 


Figure 1. Connection Diagram 


includes the essential RS-232/CCITT V.24 terminai control 
signals with TTL levels. 

Clocking can be generated by attaching a crystal to drive the 
internal crystal oscillator or by applying an external clock 
signal. 

A data access arrangement (DAA) or acoustic coupler must 
Provide the phone line interface externally. 

The Am7910 is fabricated using N-channel MOS technol- 
ogy in a 28-pin package. All the digital input and output 
signals (except the external clock signal) are TTL compat- 
ible. Power supply requirements are = 5 volts. 
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ara 


REQUEST 0 SEND 


012380-2 


WORLD-CHIP is a trademark of Advanced Micro Devices, Inc At 


Order # 01238D 
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INTERFACE SIGNAL DESCRIPTION 


MCo-MC4 (CONTROL INPUTS) 

These five inputs select one of thirty-two modem configurations 
according to the Bell or CCITT specifications listed in Table 1. 
Only 19 of these 32 modes are actually available to the user. 


Modes 0-8 are the normal operation modes. The 1200 Baud 
modes can be selected with or without a compromise equalizer. 
Modes 16-25 permit loop back of the Am7910 transmitter and 
receiver. No internal connection is made. The user must 
‘externally connect the TRANSMITTED CARRIER pin (Figure 3) 
to the RECEIVED CARRIER pin if analog loopback is required. 
For digital loopback, external connection of RECEIVED DATA 
and TRANSMITTED DATA is required. Whenever a mode in this 
group is selected, the effect is to set all transmit and receive 
filters to the same channel frequency band so that loopback can 
be performed. 

Modes 9-15 and 26-31 are reserved and should not be used. 
DATA TERMINAL READY (OTR) 


A LOW level on this input indicates the data terminal desires to 
send and/or receive data via the modem. This signal is gated with 
all other TTL inputs and outputs so that a low level enables all 
these signals as well as the internal contro! logic to function. A 
HIGH level disables all TTL /O pins and the internal logic. 


REQUEST TO SEND (RTS) 


ALOW level on this input instructs the modem to enter transmit 
mode. This input must remain LOW for the duration of data 
transmission. The signal has no effect if DATA TERMINAL 
READY is HIGH (disabled). A HIGH level on this input turns off 
the transmitter. 


CLEAR TO SEND (CTS) 


This LOW at the end of a delay initiated when 
REQUEST TO SEND goes LOW. Actual data to be transmitted 
should not be presented to the TRANSMITTED DATA input until a 
LOW is indicated on the CLEAR TO SEND output. Normally the 
user should force the TD input HIGH whenever CTS is off (HIGH). 
This signal never goes LOW as long as DTR is HIGH (disabled). 
CLEAR TO SEND goes HIGH at the end of a delay initiated when 
REQUEST TO SEND goes HIGH. 

CARRIER DETECT (CD) 

A LOW on this output indicates that a valid carrier signal is 
present at the receiver and has been present for at least a time, 
tcpon. where tcooNn depends upon the selected modem con- 
figuration (Table 2). A HIGH on this output signifies that no valid 
carer is being received and has not been received for a time, 
tcoorr. CARRIER DETECT remains HIGH when DTA is HIGH 
Values for tcpoN and tcpoFF are configuration dependent and 
are listed in Table 2. 


TRANSMITTED DATA (TD) 


Data bits to be transmitted are presented on this input serially; 
HIGH (mark) corresponds to logic 1 and LOW (space) corre- 
sponds to logic 0. This data determines which frequency ap- 
pears at any instant at the TRANSMITTED CARRIER output pin 
(Table 2). No signal appears at the TRANSMITTED CARRIER 
output unless OTR is LOW and ATS is LOW 


RECEIVED DATA (RD) 


Data bits demodulated from the RECEIVED CARRIER input 
are available senalty at this output; HIGH (mark) indicates logic 
1 and LOW (space) indicates logic 0. Under the following 
conditions this output is forced to logic 1 because the data may 
be invalid: 


When CARRIER DETECT is HIGH 

During the internal squelch delay at half-duplex line tum 
around (202/V.23 modes only) 

During soft carrier turnoff at half-duplex line tum around 
(202 mode only) 

4. When OTR is HIGH 

5. When ATS ON and BATS OFF in V.23/202 modes only 

6. During auto-answer sequence 


%..- Nx 


BACK REQUEST TO SEND (BRTS) 

Since the 1200 bps modem configurations, Bell 202 and ccirTt 
V.23, permit only half duplex operation over two-wire lines, alow 
baud rate “backward” channel is provided for transmission from 
the main channel receiver to the main channel transmitter. This 
input signal (BRTS) is equivalent to REQUEST TO SEND for the 
main channel, except it belongs to the backward channel. Note 
that since the Am7910 contains a single transmitter, RTS and 
BATS should not be asserted simultaneously. BRTS is mean- 
ingful onty when a 202 or V.23 mode is selected by MCo-MCg. In 
all other modes it is ignored. 


For V.23 mode the frequency appearing at the transmitted 
carrier (TC) output pin is determined by a MARK or SPACE at 
the back transmitted data (BTD) input (Table 2). 

For 202 mode a frequency of 387Hz appears at TC when BRATS 
is LOW and BTD is HIGH. No energy (0.0 volts) appears at TC 
when BATS is HIGH. BTD should be fixed HIGH for 202 back 
channel transmission. The signal, BATS. then is equivalent to 
the signal, Secondary Request-to-Send, for 202 S/T modems, 
or Supervisory Transmitted Data for 202 C/D modems. 


BACK CLEAR TO SEND (BCTS) 

This line is equivalent to CLEAR TO SEND for the main channel, 
except it belongs to the back channel. BCTS is meaningful only 
when a V.23 mode is selected by MCo-MCg4. This signal is not 
used in Bell 202 back mode. 


BACK CARRIER DETECT (BCD) 

This line is equivalent to CARRIER DETECT for the main 
channel, except it belongs to the backward channel. BCD is 
meaningful only when a 202 or V 23 mode 's selected by MCo- 
MCg. For V.23 back channel mode, BCD turns on when either 
the MARK or SPACE frequency appears with sufficient level at 
the received carrier (RC) input. 


For 202 back channel mode, BCD turns on in response to a 
387Hz tone of sufficient level at the RC input. In this case BCD is 
equivalent to the signal, Secondary Received Line Signal De- 
tector, for 202 S/T modems. or Supervisory Receved Data for 
202 C/D modems. 


BACK TRANSMITTED DATA (BTD) 

This line is equivalent to TRANSMITTED DATA for the main 
channel, except it belongs to the back channel BTD is mean- 
ingful only when a 202 or V.23 mode is selected by MCo-MCq 
For 202 back transmission of on/off keying, BTD should be fixed 
at a HIGH level. 


BACK RECEIVED DATA (BRD) 

This line 1s equivalent to RECEIVED DATA (except clamping) for 
the main channel, except it belongs to the back channel BRO 's 
meaningful only when a V.23 mode is selected by MCo-MC4. 
Under the following conditions this output 1s forced HIGH 


1. When BCD is HIGH 


2. OTR HIGH 

3. V.21/103 mode 
4 

5 


. During auto-answer __ 
. When BRTS ON and RTS OFF in V.23 modes only 


TRANSMITTED CARRIER (TC) 

This analog output is the modulated carrier to be conditioned 
and sent over the phone line. 

RECEIVED CARRIER (RC) 

This input is the analog signal received from the phone line. The 
modem extracts the information contained in this modulated 


carrier and converts it into a serial data stream for presentation 
at the RECEIVED DATA (BACK RECEIVED DATA) output. 


RING 


This input signal permits auto-answer capability by responding 
to a ringing signal from a data access arrangement. If a ringing 


signal is detected (RING LOW) and OTR is LOW. the modem 
begins a sequence to generate an answer tone at the TC output. 


XTAL;, XTAL2 

Master timing of the modem is provided by either a crystal con- 
nected to these two inputs or an external clock inserted into 
XTAL. The value of the crystal or the external clock frequency 
must be 2.4576MHz +.01%. 

Vec 

+5 volt power supply. (+5%) 

Ves 

—5 volt power supply. (+5%) 


TABLE 1. 


5 
of 
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Bell 103 Originate 300bps full duplex 


Bell 103 Answer 300bps full duplex 

Bell 202 1200bps half duplex 

Bell 202 with equalizer 1200bps half duplex 

CCITT V.21 Orig 300bps full duplex 

CCITT V.21 Ans 300bps full duplex 

CCITT V.23 Mode 2 1200bps half duplex 

CCITT V.23 Mode 2 with equalizer 1200bps half duplex 
CCITT V.23 Mode 1 600bps half duplex | 


Reserved 


Bell 103 Orig loopback 

Bell 103 Ans loopback 

Bell 202 Main loopback 

Bell 202 with equalizer loopback 
CCITT V.21 Orig loopback 
CCITT V.21 Ans loopack 
CCITT V.23 Mode 2 main loopback | 
CCITT V.23 Mode 2 with equalizer loopback 

CCITT V.23 Mode 1 main loopback 

CCITT V.23 Back loopback 


Reserved 


Figure 3. Loopback Configurations 


Am7310 
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OGND 
Digital signal ground pin. 


AGND 


Analog signal ground pin (for TRANSMITTED CARRIER and 
RECEIVED CARRIER). 


CAP}, CAP2 
Connection points of external capacitor/resistor required for 
Proper operation of on-chip analog-to-digital converter. 
Recommended values are: C = 2000pF + 10%, 

R= 1002 +10%. 


RESET 

This input signal is for a reset circuit which operates in either of 
two modes. Refer to Figure 14 and Figure 15 for these two 
modes. The Am7910 should be reset upon initial application 
of power. 


THEORY OF OPERATION 


The Am7910 MODEM consists of three main sections, shown in 
the block diagram of Figure 2 — Transmitter, Receiver, and 
Interface Control. 


TRANSMITTER (Modulator) 


The transmitter, shown in Figure 4, receives binary digital data 
from a source such as a UART and converts the data to an analog 
signal using frequency shift keying (FSK) modulation. This 
analog signal is applied to the phone line through a DAA or 
acoustic coupler. FSK is a modulation technique which encodes 
one bit per baud. A logic one applied to the TRANSMITTED 
DATA (TD) input causes a sine wave at a given frequency to 
appear at the analog TRANSMITTED CARRIER (TC) output. A 
logic zero applied to input TD causes a sine wave of a different 
frequency to appear at the TC ouput. As the data at the TD input 
switches between logical one and zero, the TC output switches 
between the two frequencies. In the Am7910 this switching be- 
tween frequencies is phase continuous. The frequencies 
themselves are digitally synthesized sine functions. 


The frequencies for each modem configuration available in the 
Am7910 are listed in Table 3a. 


The process of switching between two frequencies as in FSK 
generates energy at many more frequencies than the two used in 
the modulation. Ail the transmitted information can be recovered 
from a frequency band B Hz wide, where B is the bit rate or 
maximum rate of change of the digital data at the TD input. This 
band is centered about a frequency, fc, 

where fc = fy + (fo — fyW2 
(fy = lower of two FSK frequencies) 
(fg = higher of two FSK frequencies) 
In addition to this primary information band, there exist side bands 
containing redundant information. It is desirable to attenuate 
these bands for two reasons: 


1. The phone companies have specifications on the amount of 
energy allowed in certain frequency bands on the line. 

If two independent information channels are present simul- 
taneously on the line (e.g. 300 bps full duplex or 1200 bps 
half duplex with back), the redundant transmitter components 
may fail in the frequency band of the local receiver channel 
and interfere with detection. In the Am7910 these redundant 
and undesirable components are attenuated by digital band- 
Pass filters. 


2. 


Following the digital bandpass filters, the filtered FSK signal is 
converted to an analog signal by an on-chip DAC operating ata 
high sample rate. This analog FSK signal is finally smoothed by a 
simple on-chip analog low pass filter. 


RECEIVER (Demodulator) 


A simplified block diagram of the Am7910 FSK receiver is shown 
in Figure 5. Data transmitted from a remote site modem over the 
phone line is an FSK-modulated analog carrier. This carrier is 
applied to the RECEIVED CARRIER (RC) pin via a DAA or 
acoustic coupler. The first stage of the demodulator is a simple 
on-chip analog low pass anti-alias filter. The output of this is 
converted into digital form and filtered by digital bandpass filters 
to improve the signal to noise ratio and reject other independent 
channel frequencies associated with the phone line in the case of 
full duplex configuration. The bandpass filtered output is digitally 
demodulated to recover the binary data. A carner detect signal is 
also digitally extracted from the received line carrier to indicate 
valid data. 


Figure 4. Transmitter Block Diagram 


MC eMcy 
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INTERFACE CONTROL 


This section controls the handshaking between the modem and 
the local terminal. It consists primarily of delay generation coun- 
ters, two state machines for controlling transmission and recep- 
tion, and mode control decode logic for selecting proper transmit 
frequencies and transmit and receive filters according to the 
selected modem type. Inputs and outputs from this section are 
as follows: 

REQUEST TO SEND (Main and Back) 

CLEAR TO SEND (Main and Back) 

CARRIER DETECT (Main and Back) 

RING 

MCO-MC4 

DATA TERMINAL READY 


Internal logic clamps protocol signals to different levels under 


certain conditions (e.g., initial conditions). 


When Beil 103/113 and V.21 modem configurations are selected, 


Figures 8 and 9 depict the sequencing of the two state machines. 
State machine 1 implements main or back channel transmission 
and the auto-answer sequence. State machine 2 implements 
reception on main or back channel. 


The state machine powers on to the state labelled INITIAL 
CONDITIONS. Handshake signals must be the levels listed in 
Table 2. The machine then waits for DATA TERMINAL READY 
(OTR) to be tumed on. Whenever OTR is tumed to the OFF 
state from an ON condition, each state machine and extemal 
signals retum to the intial conditions within 25 microseconds. 
After DTR is tumed ON the Am7910 becomes operational as 


@ modem and the state machines proceed as depicted in the 
flowcharts. 

The definitions of the terms Full Duplex and Half Duplex used in 
these flowcharts are depicted below (Figs. 6 and 7). “Full Duplex” 
applies to all 103/113, V.21 modes. “Halt Duplex” applies to 202 
and V.23, both forward and backward channel. 

Full Duplex: Data can be transmitted and received simultane- 
ously at a rate of 300 baud. Two independent 300Hz channels are 
frequency multiplexed into the 3000Hz bandwidth of the phone 
line. The Am7910 configurations for the Bell 103/113 and CCITT 
V.21 can be operated full duplex. 

Half Duplex: in half duplex with back channel, the modem may 
transmit at 1200/600 baud and receive at 5/75 baud. Alternatively 
it may transmit at 5/75 baud and receive at 1200/600 baud. 
Examples are Bell 202 and CCITT V.23. 


TABLE 2. 
INITIAL CONDITIONS 


Data Terminal Ready (OTR) 

Request to Send (RTS) 

Clear to Send (CTS) 

Transmitted Data (TD) 

Back Channel Request to Send (BATS) 
Back Channel Clear to Send (BCTS) 
Back Channel Transmitted Data (BTD) 
Ring (RING) 

Carrier Detect (CD) 

Received Data (RD) 

Back Channel Carrier Detect (BCD) 
Back Channel Received Data (BRD) 


(BELL 07113 Comsontl ASSICAMNENTS 


YY 
[A 


A 
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CCITT V.23 CHANEREL ASSIGNMENTS: 


TABLE Xa). FREQUENCY PARAMETERS 


Bell 103 Ong 
Bell 103 Ans 


CCITT V.21 Orig 

CCITT V.21 Ans 

CCITT V.23 Mode 1 

CCITT V.23 Mode 2 1200 
CCITT V.23 Mode 2 Equalized 1200 
Belt 202 1200 
Bell 202 Equalized 1200 
CCITT V.23 Back 


Beli 202 Back 


+(BATS LOW) and (BTD HIGH): 387Hz at TC **387Hz at RC: BCD LOW 
+(GRTS HIGH) or (BTD LOW): 0 volts at TC **No 387Hz at RC: BCD HIGH 
*Meets new CCITT R20 frequency tolerance. 


Frequency tolerance is less than +0.4Hz with 2.4576MHz Crystal. Except Bet 202 which is + 1Hz (1200 Hz, mark) 


TABLE 3(b). TIMING PARAMETERS (Refer to Figures 10, 11 and 12 for Timing Diagrams) 


Minimum Ri Low Duration 


As 


msec 
225% 
T “. ™. wO1- 301. 11.4. i Z | < 
tcojon) _| Caer Detect ON Delay Sons linen: JK eies | caren ewe {sa | 1822 | 18-22 msec 
tcojom _| Carrier Detect OFF Delay 21-40 | 21-40 | 21-40 | 21-40 ve nA be by msec 
— + + —| <4 
tacoion) lone apne Carne: OS ~ a 3 = = - - - 17-25 | 17-25 | msec 
Back Ch: Deer | | 
tecorom jannel Castor - - - - - - - | 21-38 | 21-38 | msec 
OFF Delay 
tar Answer Tone Ouraton - 19 - 30 | 30 3.0 19 19 - - ae 
uf 21044% 
| Seer oe T 
Silence interval betore sec 
tou ‘Trenemw 13 19 19 19 9 13 3 - - 0.64% 
+ — 
tsa Recerver Squeich Duration - - - 1563 | 1563 | 1563 | 1563 | - en eee 
= 
Transmetter Soft Tumn-Ort 2 " s ES . _ | msec 
'sto Ourabon - ix 22.3% 


CALL ESTABLISHMENT 


Betore two modems can exchange data, an electrical connection 
through the phone system must be established. Although it may 
assist in call establishment, a modem typically does not play a 
major role. A call may be originated manually or automatically and 
it may be answered manually or automatically. 


Manual Calling — Manual calling is performed by a person who 
dials the number, waits for an answer , then places the calling 
modem into data transmission mode. 


Automatic Calling - Automatic calling is typically performed by 
an automatic calling unit (ACU) which generates the appropriate 
dialing pulse or dual-tone sequence required to call the remote 
(called) modem. The ACU also has the ability to detect an answer 
tone from the called modem and piace the calling modem into 
data transmission mode. 


Manual Answering — Manual answering is performed by a person 
who hears the phone ring, lifts the receiver, causes the called 
modem to send an answer tone to the calling modem, and places 
the called modem into data transmission mode. 


Automatic Answering — Automatic answering is performed by 
a called modem with a data access arrangement (DAA). The 
DAA detects a ringing signal, takes the phone circuit off-hook 
(corresponding to lifting the receiver) and instructs the called 
modem to commence the auto-answer sequence. Next the 
called modem sends out silence on the line, followed by an 
answer tone. When this tone is detected by the calling modem, 
the connection is considered to have been established. 

The Am7910 provides assistance for automatic answering 
through the RING signal as follows. Observe the upper right-hand 
portion of Figure 8(a). Assume that DATA TERMINAL READY 
(DTR) has recently been asserted to cause exit from the initial 
conditions. Note that if DTR remains OFF, RING is ignored. 
Assume also that ATS and BRTS are OFF and that the mode 
control lines (MCO-MC4) select a normal modem configuration, 
not a loopback mode. Automatic answering is initiated by receipt 
of a LOW level at the RING input, causing entrance to the auto- 
answer sequence depicted in Figure 8(c). 


The Am7910 outputs silence (0.0 volts) at its TRANSMITTED 
CARRIER (TC) output for a time. tsit, followed by the answer 
tone for atime. tar. The CARRIER DETECT (CD) pin is clamped 
OFF and the RECEIVED DATA (RD) signal is therefore clamped 
to a MARK (HIGH) during the auto-answer sequence. Upon 
completion of the answer tone, TD is released. If the mode lines 
(MCO-MC4) select a 202 or V.23 mode, the transmit filters are set 
to the forward channel and the receive filters are set to the back 
channel during the auto answer sequence. 


Atthe end of the auto-answer sequence, return is made to point A 
in the loop at the upper right-hand portion of Figure 8(a). Note that 
since the answer flag has been set, the auto-answer sequence 
cannot be entered again unless OTR is first turned OFF. then ON. 
At this point the phone line connection has been established and 
data transmission or reception may begin. 

The RING input may be activated from a conditioned DAA Ring 
Indicator output for automatic answering or it may be activated by 
a switch for manual answering. Tying RING HIGH will disable the 
auto-answer function of the Am7910. 


DATA TRANSMISSION 

Full Duplex 

Following call establishment. full duplex data transmission canbe 
started by either the called or calling modem. In other words, if the 


connection has been established and the modem is looping 
through point A in Figure 8(a). it no longer matters which is the 


A7 


called and which is the calling modem. Data transmission is 
initiated by asserting REQUEST TO SEND (ATS). At this time the 
TRANSMITTED DATA (TD) input will be released and a mod- 
ulated carrier can appear at the TRANSMITTED CARRIER (TC) 
output. Following a delay, tacon, CLEAR TO SEND (CTS) will 
turn ON. At this time, data may be transmitted through the TD 
input. It is a common protocol for the user to always present a 
MARK at the TD input before RTS is asserted and during the 
tacon delay. 

Data transmission continues until ATS is tumed OFF. Following a 
short delay, tacorr, CTS tums OFF. As soon as RTS goes OFF, 
the TD input is i nored and the TC output is set to 0.0 voits 
(silence). After turns OFF, the state machine returns to point 
A in Figure 8(a). 

Half Duplex 

When a half duplex mode is selected (202 or V.23), data trans- 
mission can be either on the main channel at 1200/600 baud or on 
the back channel at 5/75 baud. In normal half duplex operation a 
single modem is either transmitting on the main and receiving on 
the back channel or vice versa. In the Am7910 control of the 
transmitter and receiver filters to the proper channel is performed 
by RTS. When ATS is asserted, the transmitter filters and syn- 
thesizer are set to transmit on the main channel; the receiver 
filters are set to receive on the back channel. Therefore, 
whenever RTS is on, BRTS should not be asserted since the 
transmitter cannot be used for the back channel. When RTS is 
OFF anda half duplex mode is selected, the transmitter fitters and 
synthesizer are set to the back channel; the receiver filters are set 
to the main channel. If ATS and BATS are asserted simuttane- 
ously, ATS will take precedence. However, if BRTS is asserted 
before ATS and the back channel data transmission sequence 
has been entered (Figure 8(b)), ATS will be ignored until BATS is 
turned OFF. 


The state machine sequences for main and back channel trans- 
mission differ slightly and are depicted in Figure 8. Assume the 
state machine is idling through point A in Figure 8(a). 


Main Channel 


This transmission sequence is entered if a 202 or V.23 mode is 
selected and ATS is asserted. Since the receiver is now forced to 
the back channel, the RECEIVED DATA (RAD) signal is clamped 
to a MARK; and the CARRIER DETECT signal is clamped OFF. 
The TRANSMITTED DATA input (TD) is released and a carrer 
appears at the TRANSMITTED CARRIER output which follows 
the MARK/SPACE applied to TD. RTS turning ON initates a 
delay, tacon. at the end of which the CLEAR TO SEND (CTS) 
output goes LOW. When CTS goes LOW data may be transmit- 
ted through input TD. Data transmission continues unti RTS is 
turned OFF. At this time several events are initiated. First a delay, 
tacoeF. is initiated at the end of which CTS turns OFF. The TD 
input is ignored as soon as RTS goes OFF. If a 202 mode is 
selected, a soft turn-off tone appears at the TC output for a time, 
tsTo, followed by silence (0.0 volts). For both 202 and V.23 
modes a squelch period, tsq, is initiated when RTS goes OFF. 
During this period the CTD output is clamped OFF, forcing the RD 
output to a MARK condition. The squelch peziod begins as soon 
as RTS goes OFF and thus overlaps both tacorF and tsTo. At 
the end of the squelch period, the state machine returns to the idle 
loop at point A in Figure 8(a). 

The reasons for squelch and soft-turnoff are as follows: 


Soft Turn-Off: When ATS is turned OFF at the end of a message, 
transients occur which may cause spunous space signals to be 
received at a remote modem. During soft turn-off the modem 
transmits a soft carrier frequency for a period, tsTo, after ATS is 


turned OFF. This results in a steady MARK on the RECEIVED 
DATA (RD) line of the remote modem. 


Squeich: The local receiver must be turned OFF after ATS is 
OFF, until the start of carrier detect, so that line transients are not 
demodulated. The process of disabling the receiver after RTS is 
turned OFF is called scuelching. 


Back Channet 


This transmission sequence, shown in Figure 8(b), is entered if a 
202 or V.23 mode is selected, ATS is OFF, and BATSis asserted. 
The BACK CARRIER DETECT (BCD) output is forced OFF and 
the BACK RECEIVED DATA (BRD) output is clamped to a 
MARK. The BACK TRANSMITTED DATA input (BTD) is re- 
leased and a carrier appears at the TC output which follows the 


MARK/SPACE applied to BTD. Turning on BATS initiates a 
delay, tgRCON: atthe end of which the BRCK CLEAR TO SEND 
(BCTS) output goes LOW. When BCTS goes LOW data may be 
transmitted through input BTD. Data transmission continues until 
BRTS is turned OFF. The input BTD is immediately ignored and 
the TC output is silenced (set to 0.0 volts). Following a short 
delay, tgacorr. the output BCTS goes OFF. The signals BCD 
and BRD are released and the state machine returns to idle at 
point A of Figure 8(a). 
In 202 back channel mode, BTD should be tied HIGH. Then 
BRTS controls the ON/OFF keying modulation. When BATS is 
LOW, 387Hz appears at the TC output; when BRTS is HIGH, 0 
volts appears at TC. 


DATA RECEPTION 


Data reception is controlled by state machine 2 and depicted in 
Figure 9. At power on the machine enters initial conditions and 
remains there until OTA is asserted. It then loops until either 
CARRIER DETECT(CD) or BACK CARRIER DETECT (BCD) 
occurs. 


Full Duplex 


In full duplex data reception, CARRIER DETECT may appear 
at any time after the phone connection has been established. 
Reception is independent of transmission. When the receiver 
detects a valid carrier for at least a time, tcpon, the output CD is 
turned ON, the RECEIVED DATA (RD) output is released, and 
valid data can be obtained at RD. Data is received until the 
receiver detects loss of carrier for at least a time, tCpoFF. At this 
time the CD output is turned OFF and RD is clamped to a MARK. 
The state machine returns to the idle loop at point E. 


Halt Duplex 

As discussed in the data transmission section above, when a 
halt duplex mode has been selected, the signal RTS controls 
whether the main channel is transmitting or receiving. The back 
channel can only do the opposite from the main. If is OFF, 
then ] may be asserted and the data recep- 
tion sequence is identical to that discussed above for full du; 
lex reception. As long as ATS remains OFF, BACK CARRIER 
DETECT will never be asserted. if ATS is ON, then CARRIER 
DETECT will never be asserted. instead the receiver will look 
for a valid carrier in the back channel frequency band. If a valid 
carrier exists for at least a time. tacpon. the output BACK 
CARRIER DETECT (BCD) is tumed ON, the BACK RECEIVED 
DATA (BRD) output is released and valid data can be obtained 
at BRD. Data is received until the receiver detects loss of back 
channel received signal for at least time, tgcporFr. At this time 
the BCD output is tumed OFF. Data output, BRD, is clamped to 
a MARK if a V.23 mode is selected. For 202 back channel 
mode, BCD represents the received data. The BRD output 
can be ignored. The state machine retums to the idle loop at 
point E. 


LOOPBACK 

Ten modes exist to allow both analog and digital loopback for 
each modem specification met by the Am7910. When a loopback 
mode is selected, the signal processing (filters, etc.) for both the 
transmitter and receiver is set to process the same.channel or 
frequency band. This allows the analog output, TRANSMITTED 
CARRIER, and the analog input, RECEIVED CARRIER, to be 
connected for local analog loopback. Alternatively the digital data 
signals, TD and RD or BTD and BRD, can be connected exter- 
nally, allowing a remote modem to test the local modem with its 
digital data signals looped back. 

When a loopback mode is selected, the state machine sequences 
are altered slightly. First, auto-answer is disabled. Second, ifa 
halt duplex loopback mo mode is selected (202 or V.23), the local 
CARRIER DETECT/BCD is not forced OFF when RTS/BRTS is 
asserted. 


The 202 and V.23 main loopback modes allow use in a 4-wire 
configuration at 1200 bps. 
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Figure 9. Receiver Main/Back Channel State Diagram 
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